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3JlEKTP0HH0-MHKP0CK0nHHECK0E HCCJ1EA0BAHHE 
JIHHHHOHHO-riPOTOHHIVKPAJlbHOfl JIHHbKH 
y KPACHOTEJIKOBOrO KJ1ELU.A 

HIRSUTIELLA ZACHVATKIN1 (ACARIFORMES: TROMBICULIDAE) 

A. B. UiaTpoB 

BnepBbie npHBOAHTCH no/ipodHoe 3JieKTpoHHO-MHKpocKonHqecKoe onncaHHe nocjieAOBaTejibHbix 
3TanoB jihhomhoto npouecca y HanHTaBLUHxcH jihmhhok Hirsutiella zachvatkini npn hx TpaHC(})opMa- 
Uhh b nepByio HHM^ajibHyio CTa^Hio noKonmencH perpeccnpoBaHHOH npoTOHHM<j)bi. noKa3aHO, mto 
b oTjiHMne ot 6ojibiiJHHCTBa ApyrHx MJieHHCTOHornx, rnnoaepMa jihmhhok pa3pymaeTCH, a rnno^epMa 
npOTOHHM(j)bI CTpOHTCH 3aHOBO H3 OCTpOBKOB 33MaTK0BbIX KJieTOK. floSTOMy anOJ!H3HC HMeeT 
HeTHnHMHOe Bbipa>KeHHe. OopMHpOBaHHe KyTHKyjlbl npOTOHHM(f)bI T3K>Ke HMeeT CBOH 0 C 06 eHH 0 CTH, 
ho b uejiOM npoHcxo^HT CTaH^apTHO — y BepuiHH mhkpobopchhok (plaques) anHKajibHOH no- 
BepxHOCTH rnnoAepMajibHbix kjictok. rnnoAepMajibHbiH njiacT npoTOHHM(})bi xapaKTepH3yeTCH 
6eAHOCTbio cneuHajiH3HpoBaHHbiMH opraHejuiaMH. IlocKOJibKy 3K£H3Hca y noKOHmnxcH CTa¬ 
AHH KpaCHOTeJIOK HeT, 3aBepmeHHeM JIHHbKH MO>KHO CMHT 3Tb (})OpMHpOBaHHe KyTHKyjlbl npOTO- 
HHM(j3bI B COCTaBe OCHOBHbIX ee KOMnOHeHTOB. Becb npouecc JIHHbKH OT 06e3ABH>KHBaHHH JIHMHHOK 
33HHM3eT OKOJIO 4 CyT. 06cy>KAaK)TCH 3JieKTpOHHO-MHKpOCKOnHMeCKHe OCo6eHHOCTH H 3BOJHOH.HOH- 
Hoe 3H3MeHHe JlHMHHOMHO-npOTOHHM(|)ajlbHOH JIHHbKH y KpaCHOTeJIKOBbIX KJiemeH. 

ripeACTaBHTejiH cy6KoropTbi Parasitengonae (noAOTpHA Actinedida), k ko- 
Topofl npHHaAAe>KaT KpacHOTeAKOBbie KAemn (ceM. Trombiculidae), otah- 
qaiOTCH CAO>KHbIM p33BHTHeM C qepeAOBaHHeM aKTHBHbIX H nOKOHmHXCB 
perpeccHpoBaHHbix CTaAHH (Johnston, Wacker, 1967). B xoAe hx OHToreHe3a 

AHHbKH HBAHIOTCH OCHOBHbIM (|)0pM006pa3yK)LIJ ( HM npOUeCCOM H, KaK H y APyrHX 
HAeHHCTOHorHx, MapKHpyioT nepexoA ot oahoto OHToreHeTHqecKoro coctohhhh 
k ApyroMy. reTepoMopcj)Hbie napa3HTHqecKHe AHqHHKH sthx KAemefl nocAe 
OAHOKpaTHOTO npOAOA>KHTeAbHOrO nHTaHHH Ha >KHBOTHOM-npOKOpMHTeAe CHAbHO 
yBeAHqHBaiOTCH B 06 T>eMe H AO AOCTH>KeHHH B3POCAOH (|)a3bl HCnbITbIBaiOT pHA 
nocAeAOBaTeAbHbix npeBpameHHH, npoxoAfl qepe3 HHM^aAbHyio (})a3y pa3BHTHH 
C AByMH nOKOHLUHMHCH CTBAHAMH — npOTO- H TpHTOHHM(j)bI. 

JX o HeAaBHero BpeMeHH cqHTaAOCb, OAHaKO, qTO KpacHOTeAKH h npeACTaBH- 
TeAH ApyrHx ceMeflcTB cy6KoropTbi Parasitengonae b cBoeM pa3BHTHH He npeTep- 
neBaioT ahhck npn nepexoAe ot aKTHBHbix k hokohlahmch ctbaham >KH3HeHHoro 
UHKAa (Bottger, 1977) h hto CAeAyioman aKTHBHan ctbahh BbiAynAHeTCH 
HenocpeACTBeHHO H3 o6oAoqKH npeAuiecTByiomeH. rioAaraAH TaK>Ke, hto b npo- 
uecce TpaHcc})opMauHH noKonmHxcH ctbahh, KOTopbie paccMaTpHBaAH b KaqecTBe 
KyKOAOK (Jones, 1954), y hhx pa3BHBaeTcn oco6an BpeMeHHan (provisional) 
KyTHKyAa. 

MccAeAOBaHHH OHToreHe3a KpacHOTeAKOBbix KAemen c HcnoAb30BaHHeM 
SAeKTpOHHO-MHKpOCKOnHqeCKHX MeTOAOB, a T3K>Ke HabAIOAeHHH B KyAbType no- 
K33aAH, qTO HX nOKOHLUHeCH CTaAHH, B qaCTHOCTH npOTO- H TpHTOHHM(j)a, 
HBAHIOTCH HHAHBHAyaAbHbIMH nepeAHHHBLUHMH OpraHH3M3MH, a CAeAOBaTeAbHO, 
H 060C06AeHHbIMH CT3AHHMH pa3BHTHH (LIlaTpOB, 1991). 
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JlHHOMHbie npoueccbi y KpacHOTejiKOBbix KJiemen, KaK h y Apyrnx Para- 
sitengonae, Ha 3AeKTpoHHO-MHKpocKonnqecKOM ypoBHe paHee He 6bijiH wccjie- 
AOBaHbl. 3tO KacaeTCH KaK HX aKTHBHbIX, TaK H nOKOHLUHXCH CTaAHH. B CBH3H 
C 3THM uejlbio HaCTOHmen padOTbl HBHAOCb SJieKTpOHHO-MHKpOCKOnHMeCKOe 
H3yqeHHe nocAeAOBaTeAbHbix STanoB jiHHbKH y HanHTaBiHHxcn ahhhhok Hirsu- 
tiella zachvatkini (Schluger, 1948) npw hx TpaHCC^opMauHH b nepByio hhm- 
4>ajibHyK) CTa^Hio — noKOHmyiocn npoTOHHM(f)y. 

MATEPHAJl M METOAbl 

Hcxoahmm MaTepHajiOM nocjiy>KHjiH HanHTaBinHecn ahhhhkh H. zachvatkini , 
codpaHHbie c pbi>KHx nojieBOK b FIckobckoh o6a. oceHbio 1990 r. Ha6AK)AeHHH HaA 
>KHBbiMH KjieuxaMH noKa3biBaiOT, hto qepe3 2 — 5 cyT nocjie OTna^eHHH c xo- 
3HHHa ahhhhkh o6e3ABH>KHBaK)TCH, qTO o6o3HaqaeT Haqajio jiHHoqHbix npeo6pa- 
30BaHHH. Ilpouecc JiHHbKH He HMeeT Bbipa>KeHHoro 3 aBepmeHHH, t. e. 3KAH3nca 
hjih BbijiynjieHHH noKOHmencn npoTOHHM(})aAbHOH craAHH, a noACOxman jihhoh- 
Han HiKypKa (jiHqHHoqHan KyTHKyjia) cxoaht BHeuiHe noqTH He33MeTHO, hto 
bboahao b 3a6jiy>KAeHHe npeAinecTByiomHX aBTopoB. HaoOopoT, ACHTOHHM(J)a 
aKTHBHO BbiJiynjineTCH H3 npoTOHHM(f)ajibHOH o6ojioqKH nocjie cjieAyiomero 
jiHHoqHoro uHKJia. 

J\j 1H 3JieKTpOHHO-MHKpOCKOnHqeCKOrO HCCAeAOBaHHfl JIHHHIOLUHX J1HHHHOK 
(J)HKCHpOBajlH UejlHKOM TOJlbKO HTO 06e3ABH>KeHHbIX AHHHHOK, a T3K>Ke AHHHHOK, 

o6e3ABH>KeHHbix b TeqeHHe 12, 16 q, 1—4 cyT. MeTOAbi cf)HKcauHH h AajibHenmeH 
o6pa6oTKH o6T>eKTOB H3Jio>KeHbi b npeAbiAymHx nydjiHKauHHx (UJaTpoB, 1992). 
YjibTpaTOHKne cpe3bi H3yqajiH b ajieKTpoHHOM MHKpocKone Tesla BS-500 npn 
ycKopniomeM Hanpn>KeHHH 60 — 90 kB h nepBHqHbix yBejinqeHHHX ot 3 a o 50 Tbic. 
KOHTpOJlbHbie nOJiyTOHKHe cpe3bl OKpaiHHBajlH TOAyHAHHOBbIM CHHHM H npOCMaT- 
pHBaJlH B CBeTOBOM MHKpOCKOne. B UeJIHX HCCJieAOBaHHH BHeUJHerO CTpoeHHH 
jiHHHiomHx KJiemen npoBOAHAH hx cnHpTOByio 4>HKcauHio qepe3 npoMe>KyTKH 
BpeMeHH B 1 cyT C MOMeHTa 06 e 3 ABH>KHBaHHH AHHHHOK. 3aTeM nocjie npOBOAKH 
qepe3 cnnpTbi B03pacTaiomeH KOHueHTpaunn h aueTOH KJiemen BbicyuiHBajiH 
MeTOAOM nepexoAa KpHTHqecKOH tohkh Ha ycTaHOBKe Hitachi HCP-2 c ncnojib- 
30B3HHeM >khakoh yivieKHCAOTbi b KaqecTBe padoqero areHTa, HanbiAHAH 
njiaTHHOH b BaKyyMHOH ycTaHOBKe Eiko-5 h HCCAeAOBaAH b pacTpoBOM 3AeKTpoH- 
hom MHKpocKone Hitachi S-570 npn Hanpn>KeHHH 20 kB. 

PE3yjlbTATbI 

npouecc JIHqHHOqHO-npOTOHHM(f)aJIbHOH AHHbKH y KpaCHOTeAOK HMeeT BeCbMa 
nocTeneHHbift xapaKTep, npnqeM MO>KeT BapbnpoBaTb no aaht eAbH octh y pa3Hbix 
ocoden. OcHOBHbiMH ero 3TanaMH MoryT HBAHTbcn: 6biCTpoe pa3pymeHHe ahhh- 
hohhoh rnnoAepMbi (12 q), AAHTeAbHoe (J)opMHpoBaHHe rnnoAepMbi npoTOHHM(})bi 
(2—3 cyT) h cfiopMHpoBaHHe ee KyTHKyjibi (1 — 2 cyT). OAHano aah yAo6cTBa 
H3JIO>KeHHH H BOCnpHHTHH MbI 6yAeM OTTaJIKHBaTbCH OT BpeMeHHbIX HHTepBaAOB, 
3aKAioqaiomHX nocjieAOBaTejibHbie Mopc})OAorHqecKHe coctohhhh ahhhioluhx 
O praHH3MOB. 

0—12 q o 6 e 3 ABH)KHBaHHH. B 3 TH CpOKH COCTOHHHe nOKpOBOB HanH- 
TaBUIHXCH AHHHHOK OAHHaKOBO. 

KyTHKy^a Ha cpe3ax npeHMymecTBeHHO poBHan, HHorAa co cjierna boahh- 
ctoh noBepxHOCTbio (pnc. 1, 1 \ CM. BKA.) , HTO yKa3biBaeT Ha COXpaHHIOLUyiOCH 
ot roAOAHbix oco6en rpe6HeBHAHOCTb anHKyTHKyAbi, KOTopan xopouio 3aMeTHa 
npn H3yqeHHH BHemHen CTpyKTypbl nOKpOBOB B paCTpOBOM 3AeKTpOHHOM MHKpO- 

CKone (pnc. 1,4). 06man TOJimHHa KyTHKyAbi BapbnpyeT ot 0.88 a o 2.15 mkm 
h b cpeAHeM cocTaBAneT 1.53 mkm. npoKyTHKyAa He noApa 3 AeAeHa Ha 3 K 30 - 
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H 3HAOKyTHKyjlbI, CAaOoCAOHCTafl, C OmeTJIHBbIMH XHTHHOnpOTeHHOBbIMH 
(})H6pHjyiaMH jiHuib b BepxHefl ee nacTH (pnc. 1,2). Ba3ajibHbie o6jiacTH npo- 
KyTHKyjibi — 6ojiee 3JieKTpQHHoruioTHbie. MeTbipexcAOHHan annKyTHKyjia HMeeT 
pa3BHTyK) CBeuiyK) npoTeHHOByio hah BHyTpeHHioio snHKyTHKyjiy. FIopoBbie 
KaHajibi b npoKyTHKyjie uiHpoKHe, HenpaBHjibHOH (})opMbi, He coAep>KaT BbipocTOB 
rHnoAepMajibHbix KJieTOK h 3anojiHeHbi CBeTJibiM CAaOocTpyKTypnpoBaHHbiM 
BemecTBOM (pnc. 1, 2). CoOctbchho nopbi b anHKyTHKyjie HMeiOT qameBHAHyio 
(})opMy h aho, H30jiHpyiomee noAOCTb KaHajia ot BHeuiHeH cpeAbi. B jxajih- 
HeHuieM noAoOHan opraHH3auHH KyTHKyjibi ahmhhkh He H3MeHneTcn. B H3y- 
qeHHbiH nepnoA jiHHbKH OHa jiHiiib HeMHoro ynjioTHHeTCH h pacTHTHBaeTcn 
B pe3yjlbTaTe AaBAeHHH 3K3yBHaAbHOH >KHAKOCTH. 

rnno/iepMa qpe3BbmaHHO BapbHpyeT no LunpHHe ot 0.61 a o 9.44 mkm Ha 
nonepenHbix cpe3ax h coctoht H3 oahoto, pe>Ke AByx phaob HeynopnAoqeHHo 
pacnojio>KeHHbix KJieTOK. rnnoAepMaAbHbie KJieTKH o6Hapy>KHBaioT AecTpyKTHB- 
Hbie npeo6pa30BaHHH pa3JinnHOH CTeneHH HHTeHCHBHOCTH. Tan, nacTb KJieTOK 
coAep>KHT nHKHOMOp(J)Hbie HApa h pacmnpeHHbie CBeTAbie npocj)HAH unciepH-rpa- 
HyAHpHoro 3HAonjia3MaTHHecKoro peTHKyAyMa, HepeAKO opneHTHpoBaHHbie na- 
paAAeAbHblMH pHASMH HAH KOAbU,aMH HAH >Ke, HaoOopOT, C^paTMeHTHpyiOIUHeCH 
(pnc. 1, 1 ). B t3khx KAeTKax Ha6AK)AaiOTCH TaK>Ke KpynHbie, OHeBHAHO,ayTO(J)arH- 
necKHe h 6oAee MeAKHe CBeTAbie BanyoAH, noAxoAnmne k anHKaAbHOH nAa3Ma- 
THnecKOH MeM6paHe h cAHBaiomnecH c Hen. KpoMe Toro, BcerAa BbiHBAneTcn 
TO HAH HHOe KOAHMeCTBO OKpyrAbIX 3Ae KT pO H H O n A OT H bIX BKAIOMeHHH AHaMeTpOM 

0.31—0.74 mkm (pnc. 1, <?), no-BHAHMOMy, AHnonpoTeHAHOH npnpoAbi (Mothes- 
Wagner, Seitz, 1984). 

Ztpyran nacTb kactok AOMOHCTpHpyeT H3MeHeHHH hhoto poAa. Pa36yxuiHe 
HApa, npeTepneBaiomHe, BeponTHO, KapnoAH3, Ae>KaT b 3AeKTpoHHO-npo3pan- 
hoh nAa3Me CHAbHO yBeAHneHHbix b oO^eMe kactok c (J)parMeHTHpyK)mHMHCH 
3AeMeHT3MH UHTOnAa3MbI, a T3K>Ke HeMHOrOHHCAeHHbIMH MHTOXOHApHHMH H 
3AeKTpOHHOnAOTHbIMH BKAHDMeHHHMH. HHOTAa Me>KAy OnHC3HHbIMH COCTOHHHHMH 
KAeTOK mo>kho BbiHBHTb noAoOne nepexoAHbix (j)opM (pnc. 1, 3 ). CyOnyTHKyAnp- 
Hoe npocTpaHCTBo He Bbipa>KeHo. 

rnnoAepMa BnAOTHyio rpaHHMHT co cpeAHen khlukoh hah ApyrHMH tk3hhmh 
ah 6 o noAocTAaHa reMOUHTaMH, KOTopbie TaK>Ke MoryT o6Hapy>KHBaTb hbachhh 
A ecTpyKUHH. HeKOTopbie reMOUHTbi BCTpaHBaiOTCfl b rnnoAepMaAbHbiH nAacT, 
npHXOAn B COnpHKOCHOBeHHe C KyTHKyAOH. 

16 n—1 cyT o6e3ABH>KHBaHHH. B 3 tot nepHOA ot HHTeryMeHTa 

AHMHHKH OCTaeTCH TOAbKO KyTHKyAa, nOA KOTOpOH Ha 6 AK)AaeTCH xoporno 
Bbipa>KeHHaH 3K3yBHaAbHan noAOCTb (pnc. 2, /; cm. bka.). TyAOBHmHbie Mbimubi 
OTCOeAHHHIOTCH OT KyTHKyAbI, a MblUieMHbie KAeTKH yXOAHT B TAy 6 b TeAa, 
npHoOpeTan xapaKTep MHodAacTHqecKHx 3AeMeHTOB. B nepeAHen o6a3cth TyAO- 
BHuj,a KAemefl ao ypoBHH M03ra nponcxoAHT pa3pyuieHHe OoAbuiHHCTBa TKaHefi 
AHMHHKH, nOSTOMy nOKpOBbl 3 AeCb npeACT3BAHK)T C 060 H KyTHKyAHpHblH MeXOA, 
COAep>KaLU,HH 3K3yBHaAbHyiO >KHAKOCTb C MaCCOH reMOUHTOB. 

FToKpoBbi 6yAymeH npoTOHHM(})bi npeACTaBAeHbi tohkhm HeueAbHbiM snnTe- 
AHaAbHblM nAaCTOM, COCTOHIUHM H3 CHAbHO BbITHHyTbIX qaCTO HenpaBHAbHOH 
KOH(J)HrypauHH rnnoAepMaAbHbix KAeTOK (pnc. 2, /). Hx BbicoTa KOAe6AeTcn 
ot 0.60 ao 4.29 mkm. B oTAeAbHbix ynacTKax noKpoBOB, HanpHMep b BeHTpaAb- 
hoh cTeHKe TeAa hah b (^opMnpyioLUHxcH KOHeqHocTnx npoTOHHM(J)bi, rnnoAepMa 
o6Hapy>KHBaeT ABypnAHOCTb hah CTOA6qaTOCTb. B Tex >Ke yqacTKax nonpoBOB, 
rAe rnnoAepMaAbHbix kactok npoTOHHM(})bi HeT, noAOCTb TeAa o6T>eAHHHeTcn 
c 3K3yBHaAbHOH noAOCTbio, a coceAHHe rnnoAepMaAbHbie kactkh, HCTOHnancb, 
KaK 6bi ABH>KyTCH HaBCTpeny Apyr Apyry (pnc. 2, 2 ). 

AnHKaAbHan h b MeHbineH CTeneHH BeHTpaAbHan noBepxHOCTH rnnoAep- 
MaAbHbix KAeTOK, KaK npaBHAo, qpe3BbmaHHO HepoBHbie h o6pa3yK)T AAHHHbie 
H3rH6aK)HI,HeCH BbipOCTbl, OAHaKO HBAeHHH 3K30- HAH 3HAOUHT03a He o6Hapy- 
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>KeHO (pnc. 2, 4). HApa hmciot OBajibHyio, BbiTHHyTyio hah HecKOJibKo yrjiOBaTyio 
(})opMy h MejiKne rAbiOKH xpoMaTHHa, paBHOMepHO pacnpeAejieHHbie b HyKJieo- 
njia3Me h y HAepHOH oOoaohkh. Pa3Mepbi HAep coeraBAHiOT b cpeAHeM 
3.20X2.03 mkm. KpynHbie HApbiniKH pacnojio>KeHbi npenMymecTBeHHO 3KcueHT- 
Phmho. HHor^a b cocTaBe anHTejiHH mo>kho o6Hapy>KHTb jioKajibHbie 30Hbi co 
3HaqHTejibHO 6ojiee mcakhmh TecHO pacnoAO>KeHHbiMH KJieTKaMH h HApaMH, b ko- 
Topbix KpynHbie Maccbi reTepoxpoMaTHHa AOKaAH3yiOTCH y o6oaohkh (pnc. 2, 3 ). 
3th 30Hbi, no-BHAHMOMy, mo>kho paccMaTpHBaTb KaK 3anaTKOBbie, OTKyAa npo- 
hcxoaht pacnpocTpaHeHHe rnnoAepMaAbHbix KJieTOK npoTOHHM(f)bi. iJejieHHH KAe- 
TOK BbIHBAeHbl He 6bIAH. B MeCTaX nOKpOBOB CO C(})OpMHpOBaHHbIM 3nHTeAHeM 
Me>KAy COCeAHHMH KAeTKaMH Ha6AK)AaK)TCH KOpOTKHe CenTHpOBaHHbie AeCMO- 
COMbl. 

B rnnoAepMaAbHbix KAeTKax bhcoko coAep>KaHHe CBoOoAHbix pnOocoM 
H nOAHCOM. B KAeTKaX T3K>Ke HMeiOTCH OAHHOMHbie UHCTepHbl rpaHyAHpHOrO 
3HAonAa3MaTHnecKoro peTHKyAyMa, pe>Ke o6T>eAHHHiomHecH b pbixAOBaTbie 
CTOnKH, OCOOeHHO B OKOAOHAepHOH 30He. MeAKHe, OTHOCHTeAbHO HeMHOrOHHCAeH- 
Hbie mhtoxohaphh pacnoAO>KeHbi HeynopHAoqeHHo (pnc. 2, 4). KoMnAeKCbi 
ToAbA>KH BCTpeqaioTCH KpaHHe peAKO h He oOAaAaiOT Bbipa>KeHHOH cneunaAH- 
3aunen (pnc. 2, 5). B rnnoAepMaAbHbix KAeTKax HaOAiOAaiOTCH, KpoMe Toro, 
pa3HOBeAHKHe OKpyrAbie 3AeKTpoHHonAOTHbie BKAioqeHHH, He CBH3aHHbie c Aen- 
TeAbHOCTbio KOMnAeKCOB ToAbA>KH. JJnaMeTp HeKOTopbix H3 hhx MO>KeT npeBbi- 
maTb BbicoTy KAeTOK (pnc. 3, i; cm. bka.). 3th BKAioqeHHH pacnoAO>KeHbi 
KaK b 6a3aAbHOH, TaK h b anHKaAbHOH 30Hax KAeTOK, OAHaKO, Hapy>Ky He 
BbIBOAHTCH. 

JIji h 3Toro nepnoAa AHHbKH xapaKTepHO OoAbmoe koahhcctbo reMOUHTOB 
okoao (^opMHpyiomeHCH rnnoAepMbi npoTOHHM(})bi no BceMy nepHMeTpy nonpo- 
bob. J\aa THna reMOUHTOB, pa3AHqaiomHecH no xapaKTepy rpaHyA, HepeAKO 
AOCTHraiOT rnraHTCKHx pa3MepoB h oAHHaKOBO npeACTaBAeHbi b ahhohhom 
npouecce. Ohh hbxoahtch KaK noA rnnoAepMon b noAocTH TeAa, TaK h b 3K3yBH- 
aAbHOH noAOCTH (pnc. 2, /; 3, /). Ecah b noAOCTH TeAa npeACTaBAeHbi HaTHB- 
Hbie KAeTKH hah Aa>Ke MOAOAbie hx (J)opMbi c (j^opMHpyiOLUHMHCH rpaHyAaMH 
H3 ny3bipbKOB KOMnAeKCOB TOAbA>KH, TO B 3K3yBHaAbHOH nOAOCTH reMOUHTbl 
qacTO BnAOTHyio noAXOAHT k ahhhhohhoh KyTHKyAe h o6Hapy>KHBaK)T hbachhh 
A erpaAauHH c BbiCBo6o>KAeHHeM rpaHyA. 

npH BHenmeM H3yqeHHH ahhhioluhx ocoOen AHHOHHbin npouecc qepe3 1 —2 cyT 
nOCAe o6e3ABH>KHBaHHH AHHHHOK He 06 Hapy>KHBaeTCH, a AHHHHKH B UeAOM HH- 

qeM He OTAHqaioTCH ot oObiHHbix HanHTaBuiHxcn (pnc. 3, 2). 

2 —3 cyT o6e3ABH)KHBaHHH. B 3TH CpOKH AHHbKH OpraHH3aU,HH 
nOKpOBOB C^OpMHpyiOIAHXCH npOTOHHM(J) 6AH3Ka K BblUieOnHCaHHOH. rnnOAep- 
MaAbHbiH nAacT 6oAee ueAbHbin. HepeAKO HaOAiOAaiOTCH MHT03bi rnnoAep- 
MaAbHblX KAeTOK KaK B CTeHKe TeAa, TaK H B KOHeqHOCTHX, (})OpMHpyiOmHXCH 
BeHTpaAbHO. 

AnHKaAbHan h 6a3aAbHan noBepxHOCTH rnnoAepMaAbHbix kactok craHOBHTCH 
MeHee H3pe3aHHbiMH (pnc. 3, 1 , 3 ). B KAeTKax qame BCTpeqaiOTCH MeAKHe KOMn- 
AeKCbl ToAbA>KH. Y 0 C 06 eH Ha 3-H CyTKH o6e3ABH>KHBaHHH HeKOTOpbie H3 
3AeKTpOHHOnAOTHbIX BKAIOHeHHH (})OpMHpyK)TCH H3 KOHAeHCHpyiOLUHX BHKyOAeH 
KOMnAeKCOB TOAbA>KH (pHC. 3, 4) . Me>KAy KAeTKaMH, nOMHMO CenTHpOBaHHbIX 
AecMOCOM, mo>kho BbiHBHTb nAOTHbie KOHTaKTbi (tight junction). rnnoAepMa 
aokht Ha tohkoh CBeTAOH pbixAOBaTOH 6a3aAbHOH MeMOpaHe. 

B 3tot nepnoA b 3K3yBnaAbHon noAOCTH HaOAiOAaeTCH OoAbinoe koahhcctbo 
pa3pymeHHbix h pa3pymaiomHxcH tcmouhtob, BbiCBo6o>KAaiomHx cboh rpaHyAbi 
b 3K3yBHaAbHoe npocTpaHCTBo. Pa3pymaioiAHecH reMOUHTbl mo>kho BHAeTb 
TaK>Ke h b noAocTH TeAa noA rnnoAepMon, rAe qacTO h3xoahtch rnraHTCKne 
BbiTHHyTbie KAeTKH, ocoOeHHO b AaTepaAbHbix oOAacTHX TeAa Me>KAy khlukoh 
h rnnoAepMon (pnc. 3, /). 
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4 CyT o6e3ABH>KHBaHHH. K 3T0My BpeMeHH COCTOHHHe nOKpOBOB 
jiHHHiomHx oco6en 3HanHTeAbH0 MeHneTCH. Ilpe>KAe Bcero HaOAioAaeTcn pa3- 
BHTan b toh hah hhoh CTeneHH y pa3Hbix oco6en HOBan KyTHKyjia, mo 0AH03HanH0 
onpeAejineT AaHHbin opraHH3M Kan npoTOHHMc|)aAbHyio CTaAHio pa3BHTHH. BMecie 
C TeM J1HMHH0MH3H KyTHKyjia, toaluhhoh 1.37—1.59 MKM, OTAeAeHHan ot HHTery- 
MeHTa npoTOHHMcj)bi o6luhphoh 3K3yBHajibHOH nojiocTbio c pa3pymaK)mHMHCH 
reMOUHTaMH, coxpaHneT cboio uejiocTHOCTb h 3aMeTHO He HCTOHnaeTcn b cpaBHe- 
HHH C 60 Jiee paHHHMH CpOKaMH AHHbKH. OHa CTaHOBHTCH 3HaMHTeAbHO TOHbUie 
H HaMHHaeT OTCOeAHHHTbCH OT nOKpOBOB npOTOHHMC^bl TOJlbKO Ha 8—9-e CyTKH 
c MOMeHTa o6e3ABH>KHBaHHH ahhhhok hah eme n03>Ke (pHC. 4, 3 \ CM. BKA.), 
Kor^a npoTOHHM(J)a npeiepneBaeT y>Ke CAeAyiomHH jiHHOHHbift uhka. OTcyTCTBHe 
Bbipa>KeHHoro 3KAH3nca y noKOHmHxcn ct3ahh KpacHOTejiOK 3aTpyAHneT TOHHyio 
HAeHTHC^HKaUHK) AHHOHHbIX npOUeCCOB, a T3K>Ke C3MHX 3THX CTaAHH npH BHeiU- 
HHX Ha^JlIOAeHHHX. ri03T0My B ASHHOM CJiynae npH 3AeKTpOHHO-MHKpOCKOnH- 
MeCKOM HCCJieAOBaHHH 3aBepmeHHeM AHHHHOHHO-npOTOHHMC^aAbHOH AHHbKH 
MO>KHO CHHTaTb (J)OpMHpOBaHHe KyTHKyjlbl npOTOHHM(})bI B COCTaBe OCHOBHbIX 

ee KOMnoHeHTOB. 

IloKpoBbi npoTOHHMcj)bi b 3tot nepnoA CKAaAnaTbie. KyTHKyjia HMeeT pa3- 
Hyio TOJimHHy y pa3Hbix oco6en — ot 0.13 ao 0.92 mkm, nocKOAbKy h3xoahtch 
b CTaAHH (J)opMHpoBaHHH (pHC. 3, 5; 4, /). OHa cjieAyeT CKAaAKaM THnoAepMbi, 
OAHaKo caMa no ce6e poBHan. HccAeAOBaHne nonpoBOB b pacTpoBOM 3AeKTpoH- 
hom MHKpocKone, noMHMO CKAaAOK, BbiHBAneT MeAKHe OyropKH Ha nOBepXHOCTH 
Te^a npoTOHHMc{)bi (pnc. 4, 4 ), hto, OAHaKo, He OTpa>KaeT KaKOH-AH6o cneun- 
c{)hkh BHyTpeHHefi opraHH3au,HH HHTeryMeHTa. 

IlpoKyTHKyAa CBeTAan, roMoreHHan, CAadocAOHCTan, 6e3 oTneTAHBbix xhthho- 
npOTeHHOBblX 4)H6pnAA. Owa npOHH3aHa MHOrOHHCAeHHbIMH y3KHMH, CAO>KHOH 
KOHC{)HrypaUHH nopOBbIMH KaHaJiaMH C OAHOpOAHbIM TOHKOrpaHyAHpHbIM Beui,e- 
CTBOM (pnc. 4, 2) , KOTOpbie AOCTHraiOT SnHKyTHKyAbI AH6o OTKpbIBaiOTCH Ha 
noBepxHOCTb (pnc. 4, 4 ), mto OTAHnaeT KyTHKyAy npoTOHHMc{)bi ot TaKOBOH 
AHMHHOK, nOpOBbie KaHaAbI KOTOpOH HeCKB03Hbie. OnHKyTHKyAa CAerKa BOAHHCTaH 
H BKAIOMaeT UeMeHTHblH, BOCKOBOH H KyTHKyAHHOBblH CAOH (pnc. 4, 2). IlpOTeH- 
HOBan snnKyTHKyAa AHcf)4)epeHUHpyeTCH c TpyAOM ah6o He BbiHBAneTcn. Toa- 
ui,HHa snnKyTHKyAbi He npeBbimaeT 0.03—0.05 mkm. 

rnnoAepMaAbHbiH nAacT, KaK npaBHAO, MHoropaAHbiH h coctoht H3 TecHO 
pacnoAO>KeHHbix kactok HenpaBHAbHon cj^opMbi, npeTepneBaiomHx MHT03bi. LLIh- 
pnHa rnnoAepMbi KOAe6AeTcn ot 3.43 ao 7.73 mkm. HApa HMeioT OKpyrAyio hah 
HenpaBHAbHyio cf)opMy h pacnoAO>KeHbi 6e3 bhahmoh opneHTaunn. Hx pa3Mepbi 
COCTaBAHIOT B CpeAHeM 2.79X1.95 MKM H OKa3bIBaiOTCH HeCKOAbKO MeHbUJHMH, 
neM y ocoOeft Ha 16 h— 1-e cyTKH o6e3ABH>KHBaHHH, oneBHAHO, BCAeACTBHe 
ACAeHHH KAeTOK. B KAeTKax BbiHBAneTCH OoAbmoe KOAHnecTBO ph6ocom H nOAH- 
com, OAHaKo nAOTHOCTb hx MeHbuie, neM y oco6en Ha npeAbiAymeM cpone 
AHHbKH. EcAH HeKOTOpbie KAeTKH AHUJeHbl pa3BHTOTO TpaHyAHpHOrO 3HAOnA33- 
MaTHnecKoro peTHKyAyMa, to b Apyrnx KAeTKax, HanpoTHB, Ha6A ioabiotch a^ihh- 
Hbie OAHHOHHbie UHCTepHbl Ah6o CTOnKH UHCTepH HHOrAa C paCUJHpeHHblMH 
npO(|)HAHMH (pHC. 4, 1, 2). KOMnAeKCbl ToAbA>KH BblHBAHKDTCH KpaHHe peAKo. 
HeKpynHbie, oBaAbHbie mhtoxohaphh coOpaHbi oObiHHO b rpynnbi, nacTO pacno- 
AO>KeHHbie y annKaAbHOH noBepxHOCTH kactok. OAeKTpoHHonAOTHbie BKAioneHHH 
HMeiOTCH AaAeKO He bo Bcex KAeTKax, MoryT AOCTHraTb oneHb OoAbmnx pa3- 
MepoB h TnroTeiOT k 6a3aAbHbiM oOAacTHM rnnoAepMaAbHoro nAacTa (pnc. 4, /). 
AnHKaAbHan noBepxHOCTb rnnoAepMaAbHbix kactok HeceT HeBbicoKHe MHKpoBop- 
chhkh c ynAOTHeHHeM noA annKaAbHOH MeM6paHOH (plaques), cj)opMHpyH, 
t3khm o6pa30M, 30Hy 0TA0>KeHHH (deposition zone) hh>khhx CAoeB npoKyTH- 
KyAbi (pnc. 3, 5; 4, 2). HnKaKHx cneuHaAbHbix rpaHyA hah ny3bipbKOB b ann- 
K3AbH0H 30He KAeTOK HeT. 

feMOUHTbi b COCTaBe rnnoAepMbi b stot nepnoA AHHbKH y>Ke He BCTpe- 


2 napa3HTOJiorHH, JVb 1, 1994 r. 
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qaiOTCH, a HX aKTHBHOCTb B paHOHe nOKpOBOB HH3Ka, MTO MO>KeT CBHAeTeJlb- 
CTBOBaTb o 3aBepmeHHH b uejiOM ahhohhoto npouecca. TaKHM o6pa30M, npo- 
uecc JlHqHHOMHO-npOTOHHM(J)aJlbHOH JIHHbKH y KpaCHOTeJIKOBbIX KJiem,eH H. zach- 
vatkini 3aHHMaeT okojio 4 cyT, h k STOMy BpeMeHH (f)opMHpyeTCH hhahbh- 
AyaJlbHblH OpraHH3M nepBOH nOKOHIUeHCH HHM(})aAbHOH CTaAHH — npOTOHHM(J)bI. 


OBCy>KAEHME 

PaCCMOTpeHHblH npouecc AHHHHOHHO-npOTOHHMC^aAbHOH JIHHbKH y KpaCHO- 
TejiOK o6Hapy>KHBaeT KpaHHe peAKoe aah qjieHHCTOHornx HBJieHHe pa3pymeHHH 
rnnoAepMbi oahoh ctb^hh h cj)opMHpoBaHHe 3aHOBO rnnoAepMbi nocAeAyioiuen 
CTa^HH H3 OCTpOBKOB 3anaTKOBbIX KJieTOK. 

3to HBJieHHe Ha nepBbin b3taha TpyAHO o6t>hchhmo. OAHaKO y HeKOTopbix 
HaceKOMbix t3khx, KaK BbiciiiHe MyxH, Cyclorrhapha (Whitten, 1968), npn 
MeTaM0pc{)03e AH^HHOUHan rnno^epMa TaK>Ke pa3pymaeTCH h 3aMeHneTcn Ha 
rnnoAepMy B3pocjion cj)a3bi H3 octpobkob HMarHHajibHbix KJieTOK b ahhhhohhoh 
rnno^epMe (Snodgrass, 1963). 3to nponcxoAHT, oueBHAHO, BCAeACTBHe Toro, 
hto cneuHajiH3HpoBaHHan rnnoAepMa jihhhhok He MO>KeT ocymecTBAHTb cj)yHKUHH 
rnnoAepMbi B3pocJioro opraHH3Ma no (J)opMHpOBaHHio co6ctbchhoh KyTHKyjibi, 
ee AepnBaTOB h t. a. BeponTHO, to >Ke caMoe nponcxoAHT h y KpacHOTejiOK. 
Kansan H3 nocjieAOBaTejibHbix cthahh >KH3HeHHoro uHKJia y hhx pa3AHnaeTCH 
no xapaKTepy nonpoBOB, b nacTHOCTH no CTpoeHHio KyTHKyjibi, hto BbiHy>KAeHHO 
AHKTyeT Heo6xOAHMOCTb o6HOBJieHHH THnOAepMbl B ueJIHX OCynxeCTBJieHHH 
HOBbix (fiyHKUHH. CAeAOBaTeAbHO, y KpacHOTejiKOBbix KJiemen b noKpoBHon 
TKaHH npn Ka>KAOH H3 jiHHeK nponcxo^HT CBoero poAa MeTaMop^nnecKne 
H3MeHeHHn, TorAa nan 6ojibuiHHCTBO BHyTpeHHnx opraHOB cymecTBeHHO He 
TpaHC(})opMHpyK)TCH. Ecjih y HaceKOMbix aah ocymecTBJieHHH nojiHoro MeTaMop- 
(})03a HeodxOAHMbI ABe JIHHbKH, TO y KpacHOTejiOK Bee H3MeHeHHH COBepinaiOTCH 
b npouecce oahoh JIHHbKH. Yj\y6wm AHHOMHbix npeo6pa30BaHHH opraHH3Ma 
KpacHOTejiOK b xoAe hx OHToreHe3a Ha ashhom 3Tane sbojhouhh o6ycjiOBJieHa 
CTeneHbio peAynunn noKonmnxcH cTaAHH — npeA^HMHHKH, npoTO- h t p htohh m cj) bi. 
Hem 6oAbine hx oTJiHnne ot aKTHBHbix cthahh, TeM, no-BHAHMOMy, TAy6>Ke jih- 
HOHHbie TpaHC(J)opMauHH. Mo>kho noAaraTb, hto b HCTopnqecKHH nepnoA AO 
B03HHKH0BeHHH nOKOHLUHXCH CTaAHH B >KH3HeHHOM UHKAe KpaCHOTeAOK, 3aMeHa 
rnnoAepMbi b npouecce AHHbKH y hhx He HMejia MecTa. TaKHM o6pa30M, peAyn- 
UHH naCTH (})yHKUHH y OnpeAGAeHHblX CTaAHH pa3BHTHH KpaCHOTeAKOBbIX KAeiUeH 
h npeBpameHne hx b noKoniuHecn noBAeKAa 3a co6oh BMecTe c TeM ycjio>KHeHHe 
ahhohhoto npouecca, bo3mo>kho, c ero OAHOBpeMeHHbiM yAJiHHeHneM. OopMnpo- 
BaHne rnnoAepMaAbHoro nAacra 3aHOBO y Ka>KAon H3 CTaAHH HecoMHeHHO 
odycAOBHAO HadAiouaeMoe 3HanHTeAbHoe yAAHHeHHe nepnoua pharate, hto oco- 
6eHH0 cyLuecTBeHHO aah aKTHBHbix CTaAHH sthx KAeruen c hx AH(j}(j)epeHUH- 
poBaHHbiMH noKpOBaMH. HeKOTopoe noAo6ne MeTaMop(J)HqecKHx H3MeHeHHH b no- 
KpOBax KpacHOTeAOK onpeAeAneTcn He H3MeHeHneM cneunaAH3aunH y pa3Hbix 
CTaAHH hx >KH3HeHHoro uHKAa, KaK y roAOMeTadoAHqecKHx HaceKOMbix, a, 
HaodopoT, peAynunen OTAeAbHbix CTaAHH b hx OHToreHe3e c H3MeHeHHeM (ocAa6- 
AeHHeM HAH yCHAeHHeM) (J)yHKUHOHaAbHOH Harpy3KH nOKpOBOB. Bo3MO>KHOe 
SBOAIOUHOHHOe HCUe3HOBeHHe nOKOHLUHXCH CTaAHH H3 HX >KH3HeHHOTO UHKAa, 
HecoMHeHHO BbI30BeT COOTBeTCTByiOLUHe H3MeHeHHH H B XapaKTepe AHHbKH. 

B CBH3H C 3THM Te3HC BaHHIHTeHHa (1978) O TOM, MTO HMeHHO peAyKUHH 
paAa CTaAHH b xoAe OHToreHe3a Parasitengonae Bbi3bmaeT hx MeTaMopc|)03, 
C H3BeCTHbIM AOnyiUeHHeM BepeH B OTHOHieHHH HX nOKpOBHOH TKaHH, HO OCTaeTCH 
a6cOAIOTHO HeBepHbIM B OTHOHieHHH BHyTpeHHHX OpraHOB, a TaK>Ke 061UHX 
npHHUHnOB HX HHAHBHAyaAbHOTO pa3BHTHH. 

npn odbiHHOH AHHbKe y aKapoHAHoro KAeiua Caloglyphus boharti nponc- 
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xoaht 3HaMHTejibHan AGAH(j)(j)epeHUHauHH TKaHen b KOHeuHocTHx (Woodring, 
1969), ot KOTopbix ocTaiOTCH nycTbie KyTHKyjinpHbie o6oaohkh, a HOBbie KOHeu- 
hocth BbipacTaiOT ot rnnoAepMaAbHbix noMeK, pacnoAO>KeHHbix b KOKcax. 3Ha- 
MHTejibHbie pa3pymeHHH TKaHen HaSAioAaiOTCH b nepeAHen ofijiacTH Tejia, a TaiQKe 
b Horax npn AHHbKax hkcoaobmx KJiemen (BajiamoB, 1967). 3to CBHAeTeAb- 
CTByeT o cxo^Hbix MexaHH3Max AHHOHHbix npoueccoB Been stoh bctbh nayKo- 
o6pa3Hbix, a TaK>Ke o noTeHunaAbHon choco6hocth 6 oAbiueH hah MeHbiuen 
MacTH rnnoAepMbi npeTepneBaTb A£AH(j)(j)epeHUHauHK) h pa3pyiueHHe. KaK h b 
cjiynae KpacHOTejioK, y C. boharti cpa3y BCJiejx 3a o6e3ABH>KHBaHHeM nponcxoAHT 
anojiH3HC, a reMOUHTbi BbiceAHiOTcn b 3K3yBHajibHyio noAOCTb (Woodring, 
1969). npHMeM jiHHbKa y aKap ha H3 oahoto AH(})(})epeHUHpoBaHHoro coctohhhh 
opraHH3Ma (TpHTOHHM(J>a) b Apyroe (HMaro) npn OAHHaKOBOH hx cneunaAH3auHH 
3aBepmaeTCH oueHb 6 bicrpo h 3aHHMaeT qyTb 6 ojiee cyTOK. ^AHTeAbHocTb 
jiHHeK y KpacHOTejioK oco 6 eHHo npn nepexoAe ot noKomunxcH perpeccnpoBaHHbix 
CTa^HH K aKTHBHbIM, BbICOKOCneUHaAH3HpOBaHHbIM UeAHKOM 06 yCA 0 BAHBaeTCH 
AH(})(})epeHUHauHeH hx oHToreHe3a. 

Mpe3BbIMaHHO CymeCTBeHHO, HTO KAaCCHHeCKHH anOJIH3HC npH AHHbKe 
y KpacHOTejioK He nponcxoAHT BCAeACTBne pa3pymeHHH rnnoAepMaAbHbix KJie- 
TOK HanHTaBUIHXCH 06e3^BH>KeHHbIX AHHHHOK, AHHieHHblX MHKpOBOpCHHOK Ha 
anHKajibHOH noBepxHOCTH h He ceKpeTHpyiomHx 3KAH3naAbHbix Kanejib b cy 6 - 
KyTHKyjiHpHoe npocTpaHCTBO, hto odbiHHo npe^uiecTByeT anoAH3ncy y Hace- 
KOMbix (Locke, Krishnan, 1973; Locke, Huie, 1979) h hkcoaobmx KJiemen 
(ATJiac . . ., 1979). rnnoAepMaAbHbie KJieTKH npeTepneBaiOT b uejiOM THnHHHyio 
AeCTpyKUHK) (HeKp03) H He HMeiOT nOSTOMy (f)yHKUHOHHpyiOmerO CHHTeTH- 
necKoro annapaTa. 

n P H pa3pymeHHH rnnoAepMbi jierKo o 6 t»hchhmo MaccoBoe BbicejieHHe reMo- 
UHTOB B 3K3yBHaJIbHyiO nOAOCTb. OAHaKO reMOUHTbi Cn 0 C 06 HbI BCTpaHBaTbCH 

b rHnouepMy h nepeMemaTbcn nepe3 HenoBpe>KACHHbiH rnnoAepMaAbHbiH njiacT, 
KaK 3to noKa3aHO b OTHouieHHH aKapoHAHoro KJiema Caloglyphus berlesei , 
y KOToporo AerpaAaunn rHnoAepMbi He npoHcxoAHT (Kanungo, 1969). H b tom, 
h b ApyroM CAyuanx noBeAeHHe h poAb reMOUHTOB npn AHHbKe b 3K3yBHaAbHOH 
nOAOCTH, OHeBHAHO, CXOAHbl — (})ar0UHT03 pa3AHHHbIX 4)parMeHTOB KJieTOK H Bbl- 
CBo6o>KAeHHe 4>epMeHTOB — xhthh33 h npoTea3 (Jones, 1954) b ueAnx pa3py- 
HieHHH CTapOH KyTHKyAbl. 

y KpacHOTeAOK nepBOHaqaAbHan poAb reMOUHTOB, no-BHAHMOMy, CBH3aHa 
c 4>opMHpoBaHHeM caMOH 3K3yBHaAbHoft noAocTH. LIpoHHKaH CKB03b rnnoACpMy 
k KyTHKyAe, reMOUHTbi AaAee orrecHHiOT ee ot rnnoAepMaAbHbix kactok, 
Hapyrnan HaTHBHyio CTpyKTypy noKpoBHon tkhhh h cnocoScTByn pa3pyuieHHio 
snHTeAHaAbHoro nAacTa. 3tot npouecc HanSoAee HHTeHCHBHo npoTexaeT b o6- 
abcth rHaTOCOMbi h KOHeuHocTeH, rAe, KaK h y C. berlesei , nponcxoAHT noAHoe 
pa3pyuieHHe MbimeqHbix kactok h Apyrnx TKaHen (Kanungo, 1971), a o6e3ABH- 
>KHBaHHe 6ah3ko coothochtch c oTAeAeHHeM KyTHKyAbi, t. e. npoueccoM, 
(J)H3HOAOrHHeCKH 3KBHBaAeHTHbIM anOAH3HCy ApyrHX MAeHHCTOHOrHX. 

B AHHbKe KpaCHOTeAOK HeT Heo 6 xOAHMOCTH BblAeAHTb OTAeAbHbie nepHOAbl 
TaKHe, KaK npeAAHHbKa, co 6 cTBeHHO AHHbKa h nocTAHHbKa, KaK 3to noKa3aHO 
b OTHouieHHH Hydrozetes sp. (Hydrozetidae) (Baker, 1985), nocKOAbKy Bee 
AHHOMHbie npoueccbi nponcxoAHT nocTeneHHo, a caMO o6e3ABH>KHBaHHe y>Ke 
CBHAeTeAbCTByeT 06 hx HauaAe. Flo AAHTeAbHocTH nepnoAbi ahhck KpaCHOTeAOK 
h opnSaTHA, cocTaBAHiomHe okoao 4 cyT, 6ah3ko coothochtch Apyr c ApyroM. 

LlocKOAbKy ao HacTonmero BpeMeHH eAHHoro b3tahas Ha o 6 T»eM h npoAOA>KH- 
TeAbHOCTb npOUeCCa AHHbKH y MAeHHCTOHOrHX, B TOM MHCAe KAemeH, HeT 

(Snodgrass, 1963; Wigglesworth, 1973; Hinton, 1976; Zacharuk, 1976; Locke, 
1981, 1985; Sehnal, 1985), Mbi 6 yAeM noHHMaTb noA AHHbKOH Becb npouecc, 
CBH3aHHbiH c 3aMeiueHHeM KyTHKyAnpHoro noKpoBa npn nepexoAe ot oahoto 
nocAeAOBaTeAbHoro OHToreHeTHuecKoro coctohhhh opraHH3Ma k ApyroMy. FIo- 
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3T0My B o6mHX HepTaX JIHHbKa HaMHHaeTCH C o6e3ABH>KHBaHHH KaKOH-JlH6o 
CTa^HH pa3BHTHH h 3aBepmaeTCH (J)opMHpoBaHHeM KyTHKyjibi nocjieAyiomeH 
CTa^HH b cocTaBe ocHOBHbix ee KOMnoHeHTOB BHe 33BHCHMOCTH ot Toro, coxpa- 
hhctch jih eme KyTHKyjia npeAuiecTByioiueH CTaAHH hjih HeT. BBHAy 3Toro 
COOCTBCHHO BblJiynJieHHe HOBOH CTaAHH HJIH 3KAH3HC HeJlb3H paCCMaTpHBaTb 

b KaqecTBe 3KBHBajieHTa jiHHbKH (Hinton, 1958, 1971, 1973, 1976; Snodgrass, 
1960, 1963; Jenkin, Hinton, 1966). 3to ocoOeHHO b3>kho npn paccMOTpeHHH 
jiHHOMHbix npoueccoB y Parasitengonae, y KOTopbix 3kah3hc y noKOHiunxcn 
CTaAHH OTCyTCTByeT. 

nocjie oTHOCHTejibHO A*nHTejibHoro nepnoAa (j)opMHpoBaHHH rnnoAepMajibHoro 
njiacTa npoTOHHM(})bi y H. zachvatkini nponcxoAHT ObiCTpoe otjiokchhc 
KyTHKyjibi, KOTOpoe T3K>Ke HMeeT CBOH OCOOeHHOCTH. 

3nHKyTHKyjia, no-BHAHMOMy, nojiHOCTbio (|)opMHpyeTCH b caMbin HaqajibHbin 
nepnoA ouio>KeHHH npoTOHHM(|)ajibHOH KyTHKyjibi, MexaHH3M KOToporo noKa He- 
HCeH. EAHHOBpeMeHHOCTb nOHBJieHHH 3nH KyTHKyjibi OTJIHqaeT KpaCHOTeJIOK ot 
OojibuiHHCTBa Apyrnx qjieHHCTOHornx (Mothes-Wagner, 1984; Hepburn, 1985, 
h Ap.), y KOTopbix jinnHAHbiH hjih >Ke bockoboh, cjioh otkji aAbmaeTcn no3AHee 
KyTHKyjiHHOBoro, a caMbin Hapy>KHbin — ueMeHTHbin o6pa3yeTcn no3AHee jinnnA- 
Horo, qacTO y>Ke nocjie 3KAH3nca (Hackman, 1982). flpn jiHHbKe Tetranychus 
urticae (Tetranychidae) h bockoboh, h ueMeHTHbin cjioh OTKJiaubiBaiOTCH 
nocjie 3KUH3Hca (Mothes-Wagner, 1984), KOTopbin aBTop OTO>KuecTBjiHeT 
C JIHHbKOH. npn 3TOM npOUeCCbl, CBH3aHHbie C oOHOBJieHHeM KyTHKyjibi, KaK 
h y Hydrozetes sp., noApa3AejiniOTCH Ha Tpn (|)a3bi: pre-ecdysis, ecdysis h 
post-ecdysis. 

Hajinqne JinnnAHoro cjioh b snHKyTHKyjie qjieHHCTOHornx CBH3biBaioT c boao- 
HenpoHHuaeMOCTbio KyTHKyjibi h naccHBHbiM TpaHcnopTOM boam qepe3 Hee b ycjio- 
bhhx B03AyuiH0H cpeAbi (Hepburn, 1985; Sehnal, 1985). 06Hapy>KeHHe bocko- 
Boro cjioh b snHKyTHKyjie npoTOHHMcj) KpacHOTejiOK c caMoro Haqajia ee 
({)OpMHpOBaHHH, a T3K>Ke OTCyTCTBHe nHH0UHT03HbIX ny3bipbKOB B anHKajibHOH 
30He rnnoAepMajibHbix KJieTOK, no-BHAHMOMy, HCKJiioqaiOT aKTHBHoe Bcacbi- 
BaHne hmh 3K3yBHajibHOH >khakocth. nocjieAHHH b Oojibmen CBoen Macce 
CKopee Bcero npocTO ncnapneTCH qepe3 o6pa30BaBLunecH pa3pbiBbi jihhohhoh 
oOojiohkh y>Ke b 3HaqHTejibHO 6ojiee no3AHHH nepnoA nocjie JiHHbKH. Y Apyrnx 
qjieHHCTOHornx C AH(})(})epeHUHpOBaHHbIMH aKTHBHbIMH CTaAHHMH pa3BHTHH npo- 
ueccbi pe3op6unn cTapon KyTHKyjibi h BcacbiBaHHH 3K3yBnajibHon >khakocth 
rnnoAepMajibHbiMH kjictkbmh HenocpeACTBeHHO npeAiuecTByioT aKTHBHOMy Bbi- 
jiynjieHHio hoboh ctbahh. 

KaK noKa3biBaiOT 3JieKTpoHHO-MHKpocKonnqecKne nccjieAOBaHHH, npoKyTH- 
Kyjia KpacHOTejiKOBbix KJiemen HMeeT pa3JinqHyio opraHH3aunio y pa3Hbix 
CTaAHH hx OHToreHe3a. TaK, b npoTHBonojio>KHOCTb ({)H6pHJiJiflpHOH npoKyTH- 
Kyjie rojiOAHbix jihhhhok h reTeporeHHon npoKyTHKyjie achtohhmc)), h B3pocjibix 
KJiemen (UlaTpoB, 1992) y npoTOHHM({) npoKyTHKyjia OAHopoAHan, cjiabocjio- 
ncTan. B OTJinqne ot hkcoaha (ATJiac . . ., 1979; Hackman, 1982) h pHAa 
Apyrnx qjieHHCTOHornx, annKajibHan noBepxHOCTb rnnoAepMajibHbix kjictok 
npoTOHHMcj) KpacHOTejiOK He o6pa3yeT BbipocTOB, BCJieACTBne qero 4>opMnpoBa- 
HHe nopOBbIX KaHaJIOB, BepOHTHO, 06 yCJ 10 BJieH 0 OCOObIMH (})H3HqeCKHMH CBOH- 
CTB3MH CaMOH (})OpMHpyiOIUeHCH npOKyTHKyJlbl. nocjieAHHH, KaK H y OOJlbHIHH- 
CTBa nccjieAOBaHHbix qjieHHCTOHornx (Locke, 1966, 1976, 1981; Filshie, 1970, 
1976, 1982), o6pa3yeTCH HaA MeMOpaHHbiMH nHTHaMH (plaques) HeBbicoKnx 
h peAKHx mhkpobopchhok anHKajibHOH noBepxHOCTH rnnoAepMajibHbix KJieTOK. 
OAHaKo OTcyTCTBne y hhx aKTHBHO paOoTaioiuHx KOMnjieKcoB TojibA>KH, hto 
oObiqHO conyTCTByeT (|)opMHpoBaHHio KaK 3nn-, TaK h npoKyTHKyjibi (Locke, 
1969, 1976), yKa3bmaeT Ha HeTnnnqHOCTb 3Toro npouecca y hokohiuhxch 
CTaAHH KpacHOTejiOK h peAyKumo pHAa 4>yHKUHH y hx rnnoAepMajibHbix kjictok. 

TaKHM o6pa30M, jinqnHoqHO-npoTOHHMcfiajibHaH JIHHbKa y KpacHOTejiKOBbix 
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KJiemefi no pnjxy npnHUHnnajibHbix ocodeHHOCTeft ctoht oco6hhkom h Bbme- 
jineT nx H3 nponnx nccjie^OBaHHbix b 3tom OTHomeHHH nayKOo6pa3Hbix. Mo>kho 
nojiaraTb, o/jHaKO, mto jiHHOMHbie npoueccbi y ^pyrnx npe/urraBHTejieH Parasi- 
tengonae, HMeiomiix noKonmnecn cTajHH b >KH3HeHHOM unKJie, 6yjxyr odjia^aTb 
cxo^HbiM xapaKTepoM. 
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ELECTRON-MICROSCOPICAL INVESTIGATION OF LARVAL-PROTONYMPHAL 
MOULTING IN TROMBICULID MITE HIRSUTIELLA ZACHVATKINI (ACARIFORMES: 

TROMBICULIDAE) 

A. B. Shatrov 

Key words : Trombiculidae, moulting, larva, protonymph, cuticle, hypodermis 

SUMMARY 

For the first time the detailed electron microscopical investigations of sequential steps 
of larval-protonymphal moulting of trombiculid mite Hirsutiella zachvatkini are carefully 
considered. In contrast with most other arthropods the hypodermis of larvae is destroyed by 
necrosis during the initial steps of moulting process (12h), and so the hypodermis of quiescent 
regressive protonymph is built up anew from small locuses of prospective hypodermal cells. 
That is why, the apolysis has the atypical form. The deposition of homogeneous procuticle 
take place at the outer surface of apical plasma membrane plaques of short microvillus-like 
projections of protonymphal hypodermal cells. The epicuticle, which is composed of cement, 
wax and cuticulin layers, is formed quickly during the short period at the beginning of deposition 
of new cuticle. The newly formed hypodermis of protonymph is characterized by mitosis of its 
cells, which usually have no any specialized organelles, so as Golgy complexes and specific 
granules in apical cytoplasm. Since the ecdysis of quiescent protonymph does not occur, the end 
of moulting process may be marked by deposition of new cuticle in all of its components 
(epi- and procuticle). This process is continued up to 4 days. The old larval cuticle is retained 
much more than this time, and is lost quite imperceptibly in external observations. Electron 
microscopical peculiarities and evolutionary meaning of such type of larval-protonymphal moul¬ 
ting in trombiculid mites are also discussed. 
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BKAeuKa k ct. A. B. LUarpoea 



Phc. 1. SjieKTpoHHO-MHKpocKonHMecKaa opraHH3auHR nonpoBOB KpacHOTejiKOBbix Kjiemeft Hirsutietla 
zachvatkini b npouecce jiHMHHOMHO-npoTOHHMcjjajibHOH jihhbkh: /— 3 — TOJibKo mto o6e3,HBH>K£HHbie 
JIHMHHKH, npOCBeMHBafOlUHH SJieKTpOHHblH MHKpOCKOn; 4 — 1—2 CyT noc^e o6e3ABH>KHBaHHH 

HOK, paCTpOBblH SJieKTpOHHblH MHKpOCKOn. 

1 yqacTOK noKpoBOB BeHTpajibHOH ctchkh Tejia MOK^y kokc bm h c coxpaHHiomeHCH rpeOHeBH/iHOCTbJo 
noBepxHOCTbio KyTHKyjibi h ^erpa^HpyroLUHMH rHno^epMajibHbiMH KJieTKaM h, X5000; 2 — nopoBbift KaHaji 
b KyTHKyjie jikhkhkh h anHKajibHaH 30Ha rwicxaepMajibHOH kjictkh, npeTepneBaiomen uhtojth3, X 16 000; 
3 — AerpaAnpyiomne rHnoaepMajibHbie KJieTKH jihhhhkh b BeHTpajibHOH cTeHKe Tejia paaoM c SKCKperopHOH 
nopoH, X5000; 4 — yqacTOK noBepxHOCTH KyTHKyjibi ^opcajibHOH cTeHKH Tejia o6e3,aBH>KeHHOH jinqHHKH, 
X5000. YKa3aHO nepBnqHOe yBeJinqeHHe Ha HeraTHBax. edp — rpaHyJiapHbM aHAonJiaaiviaTHqecKHH peTHKyjiyM ; 
k — KyTHKyjia ; m MHToxoHiipHH; tiK — nopoBbift Kanaji; npK — npoKyTHKyjia; bk — snHKyTHKyJia; Bne — 

3JieKTpOHHOrUlOTHbie BKJDOHeHHH; R — H^po. 

Fig. 1. Fine structure of the integument of trombiculid mite Hirsutietla zachvatkini during 
larval-protonymphal moulting: /—3 o hour quiescent larvae, transmission electron microscope 
(TEM); 4 — 1—2 days quiescent larva, scanning electron microscope (SEM). 
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Phc. 2. 3jieKTpOHHO-MHKpocKonHMecKaH opraHH3auHH noKpOBOB KpacHOTejiKOBbix KJiemen Hirsu- 
tiella zachvatkini b npouecce jiHqnHOMHo-npOTOHHMt^ajibHOH jiHHbKH; 16 m nocjie o6e3iiBH>KHBaHHH 
JIHMHHOK, npOCBeqHBaiOmHH 3/ieKTpOHHbIH MHKpOCKOn. 

/ — KyTHKyjia jihmhhkh, 3K3yBHajibHaa nojiocTb c tcmouhtom h (^op mh pyioma hch rnnoAepMa npoTOHHM(|)bi 
b BeHTpajibHOH ofijiacTH Tejia, X4000; 2 — yqacTOK nep^opnpoBaHHOH rHnoAepMbi npoTOHHM(})bi h KyTHKyjia 
jihhhhkh AopcajibHo, X5000; 3 — 3aqaTK0Bbie kjictkh rnnoAepMbi npoTOHHM(|)bi b BeHTpojiaTepajibHOH ofijiacTH 
Tejia, X4000; 4 — rHnoAepMajibHan KJieTKa npoTOHHMC^bi AopcajibHO b nepe^Heft wacTH Tejia, X5000; 
5 — KOMnJieKC rOJlb^>KH B epeAHHHOH 30He THnOAepMaJIbHOH KJieTKH npOTOHHMI^bl B JiaTepa^bHOH OfijiaCTH 
Tejia, X 12 000. yKa3aHO nepBHqHoe yBejiHweHHe Ha HeraTHBax. 6m — 6a3ajibHan MeMOpaHa; e --- rnnoAepMa 
npoTOHHM(|)bi; seM — reMOixHT; k — xyTHKyaa jihmhhkh; nr — nojiocTb Tejia; an — 3K3yBHajibHan nojiocTb. 
OcTajibHbie o6o3HaweHHH TaKHe *e, KaK Ha pnc. 1. 

Fig. 2. Fine structure of the integument of trombiculid mite Hirsutiella zachvatkini during 
larval-protonymphal moulting: 16 h quiescent larvae, TEM. 



Phc. 3. 3jieKTpoHHO-MHKpocKOnHMecKaH opraHH3auH5i noKpoBOB KpacHOTeJiKOBbix KJiemeH Hirsutiella 
zachvatkini b npouecce JiHHHHOHHO-npoTOHHM(()a.JibHOH jiHHbKH b 6ojiee no3^HHe cpoKH nocjie 
06e3flBH>KHBaHHfl JIHMHHOK: i, 3 — 5 — npOCBeMHBaiOIUHH SJieKTpOHHblH MHKpOCKOn; 2 — paCTpOBblH 

SJieKTpOHHblH MHKpOCKOn. 

1 — 2 cyT nocjie oOesABHWHBaHHfl; rnno^epMa npoTOHHMcJm h reMounTbi b hojiocth Tejia Ha rpaHHue 
c KHiiiKOH JiaTepajibHO, X4000; 2 — o 6 iuhh bh^ o6e3^BHx<eHHOH jihhhhkh CBepxy nepe3 1 -2 cyT nocjie 
o6e3^BH>KHBaHHR, X 170; 3 — 3 cyT nocjie o6e3,HBH>KHBaHHfl; rnno^epMa npOTOHHMcj)bi h ynacTOK reMoUHTa 
b nojiocTH Tejia jiaTepajibHo, X7000; 4 — 3 cyT nocjie o6e3^BH>KHBaHHH, kom ruienc rojib;i>KH b Hafl-bHaepHOH 
30He rnno^epMajibHoft kjictkh npoTOHHMcj^bi BeHTpojiaTepajibHO b nepeaHefi nacTH Tejia, X 12 000; 5 — 4 cyT 
nocjie o6e3ABH>KHBaHHH; anHKajibHan 30Ha rnnoaepMbi h (popMHpyfomaacfl KyTHKyjia npoTOHHM^bi BeHTpo¬ 
jiaTepajibHO b 3aAHen nacTH Tejia, X12 000. YKa3aHO nepBHHHoe yBCJiHMeHHe Ha HeraTHBax. 30 — 30Ha 
OTJIOKeHHfl; M6 — MHKpOBOpCHHKH ; CK ■ ■■ CpejUHflfl KHLLIKa. 

OcTajibHbie o 6 o 3 HaneHHH Tanne x<e, KaK Ha pHc. 1 h 2. 

Fig. 3. Fine structure of the integument of trombiculid mite Hirsutiella zachvatkini during 
larval-protonymphal moulting; more late periods of moulting process; /, 3—5 — TEM, 2 — SEM 
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Phc. 4. SjieKTpOHHO-MHKpocKonHHecKaa opraHH3auHH nOKpoBOB KpacHOTejiKOBbix KJiemen Hirsutiella 
zachvatkini b npouecce jiH4HH0HH0-np0T0HHM(J)ajibH0H jiHHbKH: 1—2 — 4 cyT nocjie o6e3ABH>KHBaHHfl 
J1H4HH0K, npOCBenHBaiOmHH 3JieKTpOHHbIH MHKpOCKOn; 3—4 — 11 — 12 cyT nOCJie 06e3ABH>KHBaHHfl 
JIH4HH0K, paCTpOBblH SJieKTpOHHblH MHKpOCKOn. 

1 — CKJiaAMaTbie nOKpOBbl npOTOH H M (|) bl CO C(J)OpMHpOBaHHOH KyTHKyJIOH BeHTpOJiaTepa^bHO, 3K3yBHajlbHaH 

nojiocTb c pa3pymeHHbiMH reMOu,HTaM h h o6o;ioqKa jihhhhkh, X5000; 2 — otjio>k6hh6 npoKyTHKyjibi y BepuiHH 
MHKpOBOpCHHOK anHKa^bHOH IIOBepXHOCTH PHnOflepM ajl bH bix KJieTOK IipOTOHH M(|)bJ JiaTepaJlbHO, X22 000; 

3 odlUHH BHfl IT pOTOHH M (£>b] cdOKy C OCT 3TK3MH 060 J 10 HKH JIH4HHKH, X170; 4 — ynaCTOK nOBepXHOCTH 

KyTHKyjibi npoTOHHM(|)bi c dyropKOM h Tep mh HajibHbiMH OTBepcTHHMH nopoBbix KaHajioB, X7000. yKa3aHO 
nepBHHHoe yBe^HneHHe Ha HeraTHBax. oa — odojiOHKa jihhhhkh; k — KyTHKyjia npoTOHHM(J)b[; t{C — ueMeHTHbin 
c^oh; ec — bockoboh cjioh; kc — KyTHKyjiH hobwh cjioh anHKyTHKyJibi. 

OcTa^bHbie o6o3HaneHHH TaKHe >Ke, KaK Ha pnc. 1—3. 

Fig. 4. Fine structure of the integument of trombiculid mite Hirsutiella zachvatkini during larval- 
protonymphal moulting: 1 — 2 — 4 days quiescent larvae, TEM; 3—4 — 11 —12 days quiescent 

larvae, SEM. 



Phc. 4 (npodoAJtcenue). 



